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ADEQUACY OF PRESENT STANDARDS 
OF RADIATION EXPOSURE 
By Karl Z. Morgan>:> 
INTRODUCTION 
In this raper, pollution is defined as the act of making com-
ponents 0 the environment unhealthy for man and the ecosys-
tem in which he lives. Pollution results when an excess of certain 
substances-either wanted or unwanted-is added to the en-
vironment in such a way that it causes changes that are con-
sidered to be detrimental or deleterious to the health, well-being, 
peace of mind, enjoyment or fulfillment of a normal, productive 
and healthy life of persons affected. This discussion will be 
limited to energy as a source of pollution (1) and, more specifically, 
will consider the effects of ionizing radiation as a pollutant and 
the adequacy of present standards of radiation exposure. 
BASIC ASSUMPTIONS OF THE INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION (ICRP) IN SETTING 
RADIATION PROTECTION STANDARDS 
The organization which sets basic radiation protection stan-
dards at the international level is ICRP, and most of this dis-
cussion relates to the ICRP recommendations or standards al-
though in many cases I could just as well be referring to standards 
of the National Council on Radiation Protection which are 
essentially the same. When reference is made to standards set by 
the Federal Radiation Council (FRC) or the U.S. Atomic 
Energy Commission (USAEC), these organizations will be men-
tioned specifically. In 1958, the ICRP(2) very carefully defined 
what is meant by the maximum permissible dose of ionizing 
radiation, 
The permissible dose for an individual is that dose accumulated over 
a long period of time or resulting from a single exposure which in the 
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light of present knowledge carries a negligible probability of severe 
somatic or genetic injuries; furthermore, it is such a dose that any 
effects that ensue more frequently are limited to those of a minor 
nature that would not be considered unacceptable to the exposed 
individual and by competent medical authorities. Any severe 
somatic injuries such as leukemia that might result from exposure to 
individuals to the permissible dose would be limited to an exceedingly 
small fraction of the exposed group; effects such as shortening of 
life-span which might be expected to occur more frequently would 
be very slight and would likely be hidden by normal biological varia-
tion. The permissible doses can therefore be expected to produce 
effects that could be detectable only by statistical methods applied 
to large groups. 
The basic assumptions of ICRP, NCRP and the FRC can be 
summarized as follows. 
1. Radiation and its application can be both useful and harm-
ful to man. When properly used, this radiation can be a powerful 
tool in research or a lifesaving instrument in medical diagnosis 
and therapy; however, to a certain extent, all radiation is harm-
ful, bringing damage to many cells of the body and increasing the 
probability that the exposed person will succumb to a malig-
nancy or some other form of radiation-induced damage. 
2. The objective-and indeed the purpose of health physics-
is to enhance and maximize the benefits of radiation while 
striving to minimize its harmful effects. Thus, we have the con-
cept of weighing the benefits against the risks and permitting 
exposure to man-made sources of radiation only insofar as it 
can be expected to yield benefits that are equal to or greater than 
the hazards. 
3. The maximum permissible dose levels should be such that 
in the light of present knowledge: 
(a) they carry a negligible probability of severe somatic or 
genetic injuries; for example, leukemia or genetic malformations 
that result from exposure to individuals at the maximum dose 
would be limited to an exceedingly small fraction of the exposed 
group; and 
(b) the effects ensuing more frequently are those of a minor 
nature that would not be considered unacceptable by the ex-
posed individual and by the society of which he is a part. Such 
frequently occurring effects might be, for example, modifications 
in the formed elements of the blood or changes in bone density. 
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Such effects could be detected only by very extensive studies of 
the exposed individual. Effects such as shortening of life-span 
which may be proportional to the accumulated dose would be so 
small that they would be hidden by normal biological variations 
and perhaps could be detected only by extensive epidemiological 
studies. 
One of the first questions which arises when discussing the 
adequacy of present standards of radiation exposure is whether 
there is a threshold dose of radiation below which there will be 
no resultant damage to the exposed individual. From what has 
been stated above, it is clear this question cannot be answered 
from present evidence, and, as a consequence, all the agencies 
which set the present permissible standards state that the only 
prudent course appears to be to assume there is a linear relation-
ship between dose and effect. In other words, there is no dose or 
dose rate of radiation exposure so low that the probability of 
resultant damage is zero. All exposure to ionizing radiation, re-
gardless of how accumulated during the lifetime of the individual, 
increases the risk the person will suffer subsequent damage 
which will manifest itself during his lifetime and, if he is in the 
childbearing age, adds to the probability that his children or 
future descendants will suffer consequent radiation damage. 
Figure 1 illustrates what is meant by the linear hypothesis and 
the threshold hypothesis. The ordinate of these curves has been 
marked "guesses of percent of effect." This is because of the 
uncertainty of the effect at very low doses and because sufficient 
data are lacking, especially in the case of man. In this graph, 
genetic mutations and life shortening illustrate the linear hypo-
thesis, and radiation sickness and radiation fatalities illustrate 
the threshold hypothesis. The widths of the curves are to em-
phasize further the uncertainties involved in these estimates and 
the individual variations to be expected among exposed humans. 
It can be observed that about 30 to 100 R* would be expected to 
double the natural incidence of mutations in man, or since the 
dose received by man from natural background radiation is about 
3 R per generation of 30 years, it would appear that natural 
background radiation may account for between 4 and 10% of the 
spontaneous mutations. (Definitions of roentgen (R), rad, and 
rem are found on page 136 infra.) Russell (3) has shown in his 
studies with mice that there is a slight kink in this curve at rela-
tively low dose rates. Apparently, the point mutations per 
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roentgen at very low dose rates drop off only by a factor of 6, 
however, and this drop-off occurs between 90 Rjminute and 0.8 
R/minute. This dose rate range (90-0.8 R/minute) is higher than 
that from most sources of human exposure to ionizing radiation, 
but, unfortunately, it is lower than the average rate of exposure 
in medical diagnosis which accounts for over 90% of all exposure 
to man-made sources of ionizing radiation in the United States. 
The mutations per roentgen as observed by Russell continue to 
be independent of dose rate or to follow a linear relationship to 
accumulated dose on down from 0.8 to 0.001 R/minute and 
presumably on down to and below background dose rates. 
The curve on life shortening illustrates the linear relationship 
between accumulated dose and percent life shortening and would 
seem to suggest for chronic exposure each roentgen causes a 
shortening of the life-span by about 2.5 days and perhaps for 
acute exposure by as much as 20 days. Not shown on this graph 
are many types of radiation-induced malignancies which also are 
believed to make their appearance in man more or less linearly 
with the accumulated dose of radiation. 
For large single exposures, one would expect a very small frac-
tion of the exposed individuals to show traces of radiation sick-
ness at total body doses in the neighborhood of 20 R, but all ex-
posed persons would be expected to show various gradations of 
radiation sickness for doses ranging between 100 and 300 R. In 
this case, we could consider there is a threshold dose somewhere 
around 20 R below which we would expect to observe no symp-
toms of early sickness following a single exposure. 
In the case of very large single doses of radiation to the total 
body, we would expect perhaps 50% fatalities at about 400 R 
but a threshold at around 200 to 300 R below which there would 
be no radiation fatalities. This, of course, does not assume there 
would be no radiation damage below about 200 R but simply 
that one would not expect radiation deaths within a period of a 
few weeks as a consequence of such doses. 
Senator Muskie has asked me to make some comments and 
evaluations of the testimony by Gofman and Tamplin before 
the Subcommittee on Air and Water Pollution of the Senate 
Committee on Public Works. One of the principal arguments they 
have presented in a most forceful manner is that there is no evi-
dence of the existence of a threshold on which we can rely for 
security or that justifies our assuming there is no risk at lesser 
doses. They, like ICRP, NCRP and FRC, have emphasized that 
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one must not and need not consider it necessary to assume there 
is no risk of serious damage to a very small fraction of a popula-
tion that is exposed continuously at reasonable and acceptable 
levels of maximum permissible exposure to radiation. Present 
evidence points to the fact that most, if not all, types and forms 
of chronic, radiation-induced damage (with the possible excep-
tion of cataractagenesis) relate more or less linearly to the ac-
cumulated dose, and there is no justification for one to assume 
the existence of a threshold below which these forms of damage 
would not result. This has been the principal force of the argu-
ment presented by Gofman and Tamplin. To this I agree and 
lend my strongest support. In this statement, I might say I am 
also supporting the expressed positions of ICRP and NCRP as 
well as the Federal Radiation Council. I hope this is or will be 
made the expressed opinion of the AEC. 
I do not oelieve any knowledgeable person claims there is no 
repair of radiation damage. Certainly, as indicated in Figure 1, 
one would expect if 500 R of radiation were delivered to a man 
over a period of a few seconds or hours, he would have less than 
a 50% chance of surviving more than a few weeks, whereas if 
this same dose were delivered more or less uniformly over a 
period of 10 years, the person would not die of radiation sickness 
but would instead have increased considerably his chances of 
dying of a malignancy and other radiation-related diseases. On 
the average we could expect this man's life to be shortened by 
about 3! years, and, if 300 to 400 persons received chronic ex-
posure to this 500 rad, data of ICRP(4) would lead us to have a 
high expectancy of 10 cancers appearing in the group during the 
following 10 to 15 years. All evidence seems to suggest that al-
though on the average a certain fraction of radiation damage is 
repairable, there always remains a portion of this damage which 
is not repairable. Thus, the risk that a person will die of a radia-
tion-induced leukemia or cancer or will have his life-span short-
ened by premature aging or by some other specific radiation 
damage increases in proportion to the accumulated radiation 
dose. 
Evans, who has for many years made measurements on the 
body burden of radium in radium dial painters, has indicated 
that his data lend support to the threshold hypothesis. In sup-
port of arguments presented by representatives of uranium 
mining interests, Evans has used these data in Congressional 
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hearings(6) in reference to radiation standards set for radon and 
its daughter products in the working environment of uranium 
miners in the Colorado Plateau to urge that it would be ap-
propriate to set the permissible working levels of radon in these 
uranium mines at values higher than those which have been 
recommended by ICRP or had been recommended by the U.S. 
Department of Labor. I believe Evans stands almost alone among 
scientists working in the internal dose field in this interpretation 
and conclusion from his data. Gofman and Tamplin (6) in some of 
their testimony before this subcommittee have taken strong 
issue with Evans' claims for the threshold hypothesis and have 
shown very convincingly that Evans' data are consistent with 
the linear hypothesis and in no wise prove the existence of a 
threshold dose of radiation below which radiation-induced can-
cers would not be expected to result. It is impressive to look at 
the graphs in Evans' publications(7) and to note that as the 
years increase since the first exposure to radium and/or with the 
age of the exposed persons, there is a systematic increase in the 
number of carcinomas and sarcomas at lower and lower body 
burdens of radium. All five cases of cancer (carcinoma and 
sarcoma) with body burdens less than 1 J.tg of radium as shown 
by Evans' graphs were observed 30 to 45 years following the 
first exposure to radium. It would not be surprising, therefore, 
from the distribution of these data if cancers were to appear in 
this group in ensuing years at much lower doses. In fact, a 
case was observed by Finkel, Miller and Hasterlik (8) in the 
group under study at Chicago in which the patient had a body 
burden of 0.13 J.tg of radium. This seems to be getting uncom-
fortably close to the present standard for radium which is set 
at a maximum permissible body burden of 0.1 J.tg. There is 
some question about the type of tumor in this case, however, 
because it was removed surgically from the jaw at an early 
stage, hopefully before metastasis had resulted. 
In the hearings in reference to radiation standards in the en-
vironment of uranium mines, Parker, Snyder and 1(5) took strong 
issue with Evans' interpretation of his data as have Gofman(6) 
and Tamplin in hearings before the Subcommittee on Air and 
Water Pollution. Snyder pointed out that the data Evans has 
obtained are completely consistent with and what one would 
expect on the linear hypothesis. Parker quoted one of Evans' 
statements(fi) that "It is my conviction that there does exist an 
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absolute threshold and a practical threshold for inhaled radon 
daughters below which these radionuclides are innocuous," and 
then Parker retorted with the remark: 
Surely every professional radiation practitionist would prefer to 
establish a threshold limit for each application of radiation. His task 
would then be finished with assurance of complete protection in all 
occupational situations in which standards were met. For some years 
I have been involved as chairman of an NCRP scientific committee 
engaged in reviewing such matters. The members cannot persuade 
themselves that a threshold model for long-term radiation damage 
including carcinogenesis can be justified, with the possible exception 
of opacity of the lens of the eye. The implication [by Evans] that 
these observers have failed to bring to bear radiobiological knowledge 
acquired especially in the past decade is rejected with vigor. It has 
to be accepted [by the NCRP] until proven otherwise that response 
of a given kind is a monotonically increasing function of applied dose 
(i.e., the effect increases with each increase in dose). 
I believe most persons who have spent the major fraction of their 
professional lives working in the field of internal dose from 
radioisotopes (as Parker, Snyder and I have) subscribe com-
pletely to Parker's statement. 
In further discussion of standards of radiation exposure in the 
environment of uranium mines, Lundin,(9) at the 1968 annual 
meeting of the Health Physics Society, reported, "[a]t each level 
of radiation exposure (including the lowest level which is equal 
to or less than 100 working level months) in uranium mines, a 
significant excess of respiratory cancer has now been observed 
among the white miners." Thus, many persons began rightly to 
ask, "Where is that threshold level some people falsely believe 
must exist in order to set reasonable and safe radiation stan-
dards?" A Federal Radiation Council report(lO) provides an 
adequate response: 
Theoretically, there is a finite possibility that exposure to the smallest 
quantity of ionizing radiation can cause a change in a cell-for 
example, a point mutation-that can contribute a part of the com-
plex mechanism of carcinogenesis in a tissue . . . . On logical and 
theoretical grounds, it is erroneous to assume the existence of an 
absolute threshold dose for cancer of any kind in all populations of 
any size or character ..... In summary, it is concluded that there is 
a statistically significant increase in the lung cancer risk for miners 
with 100 to 400 cumulative working level months exposure that 
could not be explained by any known artifact of the data .... The 
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hypothesis is favored, pending more definitive data, that radiation 
exposure at least contributed to excess lung cancer observed in the 
miners in the 100 to 400 CWLM category. 
By way of comparison, it is interesting to note that the maximum 
permissible concentration level recommended by the internal 
dose committees of NCRP(ll) and ICRP(12) a number of years 
earlier corresponds approximately to 100 to 180 working level 
months for a working period ranging from 30 to 50 years. 
It seems that a rather peculiar attitude has developed among 
some of our lawmakers, a few of our scientists and some spokes-
men for the medical profession, namely, that members of the 
public must prove at a very high confidence level that certain 
standards of radiation exposure are unacceptable and will lead 
to a high incidence of malignancies and other serious damage 
before their claim is given any credence or effective corrective 
action is taken. In the meantime, lacking any evidence and with 
nothing but wishful thinking, some of the opponents of the basic 
assumptions of ICRP, NCRP and FRC seem to believe they 
must establish their hopes firmly on the existence of a safe 
threshold dose which has not and cannot be justified. Snyder(li) 
expressed the views of this writer admirably in his testimony at 
these hearings on standards in the environment of uranium 
mines when he said, 
I doubt that one should wait until enough cases and experience have 
accumulated [with reference to uranium miners dying from radiation 
exposure] to give 99% or even 95% confidence that there is an excess 
[in the number of deaths]. We do not usually have or expect to have 
such an unacceptable basis for most of the decisions of practical 
life .... We do not wait until we are 99% confident that accidents 
at a certain grade crossing are caused by inadequate markings to do 
something about it. 
It is difficult to understand or appreciate why some persons seem 
to feel it is necessary to prove there is a threshold dose below 
which exposure to radiation is 100% safe in order for present 
standards of radiation exposure to be acceptable. If this same 
demand were made of bathtubs or kitchen stoves, we probably 
would be living in tents. 
If we reflect for a moment on what happens when radiation 
passes through our bodies, I think it is easy to understand why 
one would expect some radiation damage even at the lowest doses 
or dose rates or why there cannot be a threshold dose below 
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which there could not be resulting radiation damage. When 
ionizing radiation at the level of permissible environmental ex-
posure strikes the human body, whether it be from diagnostic 
x-rays, an improperly designed or shielded color television set, 
radon daughters inhaled in a uranium mine, or from radio-
nuclides ingested by drinking water downstream from a nuclear 
power plant, there are many millions of photons or high-energy 
ionizing particles that pass through parts of the body each 
second. As a result, energy exchanges take place which cause 
hundreds of cells to undergo various degrees of damage. (The 
physicist would say the entropy or disorganization of the very 
intricate and complex information centers of the cells has in-
creased.) Some cells are damaged only slightly and perhaps can 
be repaired completely. Other cells are destroyed and, within 
certain limits, they represent no serious damage because there 
are millions of other cells immediately available to take over 
their function. It is those cells of the body which receive ionizing 
radiation and undergo physical and chemical changes and yet 
survive to reproduce their perturbated forms which may be 
precursors of cancer that are of most concern to us. The same is 
true in the case of germ cells in our gonads which may survive 
radiation exposure only to take part in the conception of a child 
which, as a consequence, may suffer early death due to leukemia 
or central nervous system cancer or may suffer some serious 
mental retardation such as mongoloidism or physical deformity. 
For illustration, we may liken the consequences of radiation ex-
posure at the very low levels of present standards of permissible 
radiation exposure to the risk of driving a car across a railroad 
grade crossing without heeding the sign to stop, look and listen 
because we know the railroad has ceased operation. It may be 
acceptably safe to take such risks, but yet if that one excursion 
train per year happens to run into our car at the grade crossing, 
the consequences can be just as severe as had this accident oc-
curred when we were making a busy grade crossing. In other 
words, there is a finite, but exceedingly low probability that any 
one of the photons that strikes our body at the permissible expo-
sure level could be the one which induces changes in a given cell 
in our body which turns out to be the precursor of some form of 
cancer. 
The ICRP in its report on the radiosensitivity of tissues in 
bone (Loutit, chairman) summarizes (13 ) some of the work of 
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Finkel, Miller and Hasterlik. These scientists have conducted 
extensive studies on the effects of various levels of body burdens 
of radium in populations in the Chicago area. These populations 
under study had taken radium into their bodies many years ago 
when they worked as radium dial painters or when they were 
given medical injections of radium. These Chicago data indicate 
nine minimal changes in the skeleton attributable to deposition 
of radium among 142 patients examined having body burdens 
between 0.001 and 0.03 JLg of radium-226, minimal changes in 
four out of 35 persons examined in the range of 0.03 to 0.1 JLg, 
five out of 32 in the range of 0.1 to 0.32 JLg, and eight out of 33 
in the range of 0.32 to 1 JLg. In addition, among the latter two 
higher exposure groups there were nine with mild symptoms, 
seven with moderate symptoms, nine with advanced skeletal 
changes and six malignancies. In evaluating these levels of 
radium, it should be kept in mind that the present standard of an 
acceptable body burden of radium-226 in the body of the occu-
pational worker is 0.1 JLg. From these extensive data on human 
exposure to radiation, there seems to be a gradual increase in 
magnitude and severity of radiation damage with the amount of 
exposure. On this basis, I believe it is evident that it would be 
unacceptable for responsible agencies such as ICRP and NCRP 
to accept Evans' hypothesis that there is a safe threshold. It 
seems to me that although there may be some so-called safe 
threshold at very low dose or dose rates, there is certainly no 
convincing evidence for its existence, and the only reasonable 
assumption is that all radiation exposure is harmful and that 
even at the present maximum permissible standards of exposure, 
there is some small but quite acceptable risk. I believe the present 
standards of radiation exposure are adequate and acceptable on 
this basic assumption of ICRP. The occupational standard for 
radiation protection which has been longest in existence of any 
radiation standard is the radium standard of 0.1 JLg body burden. 
This standard was first adopted in 1941 <a) and corresponds to an 
average dose to the skeleton of about 30 rem/yr or a dose to the 
critical endosteal tissue out to a distance of 5 to 10 JL of about 
10 rem/yr. Dose limits for members of the public-at-Iarge are 
itr of these for the occupational worker. 
There are many human studies which tend to support the 
linear hypothesis. For example, Dahl and Smith(15) in observing 
the effects on over 2,000 women whose ovaries were irradiated for 
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artificial menopause found five or more years after treatment 
that mortality was greater for leukemia by a factor of 6 than 
would be expected. The average marrow dose was estimated to 
be 140 rad, and the authors concluded with the remark, "Results 
are therefore consistent with the hypothesis that the risk of leu-
kemia induction is proportional to the total energy absorbed in 
the marrow." Hempelmann(16) observed the effects of ionizing 
radiation on human thyroids. His studies investigated the inci-
dence of thyroid carcinoma in the clinically palpable thyroid 
nodules of three groups of individuals many years after exposure 
to ionizing radiation in childhood or infancy. The mean cumula-
tive doses to the thyroid gland of the three groups were 1200 rad, 
330 rad and 20 rad. He stated in summarizing his results, "[s]ome 
evidence is presented suggesting (1) the dose response to thyroid 
tumors is linear in the lower dose range, and (2) there is no 
threshold or at least the threshold is below 20 rad." 
There are many reports in the literature relating the damage 
produced by diagnostic and/or therapeutic exposure during 
pregnancy. One of the most thorough studies has been carried 
out by Brian MacMahon (17) in which he reported that after 
Alice Stewart's original observations in the United Kingdom in 
1953, some 12 studies on the question of the relationship between 
pelvimetry and other x-ray exposure in uteral and cancer in 
children have appeared. He indicated that although there are 
both positive and negative findings, a combination of the data 
from all of them weighed in accordance with the number of cases 
studied indicated that the mortality from leukemia and other 
forms of cancer is about 40% higher among children exposed to 
diagnostic x-ray study in uteral than among children not so ex-
posed. He went on to show that the excess risk over the first 10 
years of life of a child amounts to about one cancer death per 
2,000 children exposed. We do not know how many children may 
die each year from leukemia and other forms of cancer as a direct 
result of unnecessary in uteral diagnostic exposure. We can only 
make estimates from statistical studies such as, for example, 
these of MacMahon or those of the Harvard School of Public 
Health study(18) of 450,000 infants discharged from 30 U.S. 
hospitals where an increase was found in eNS cancer as well as 
a similar increase in leukemia among children diagnostically ex-
posed in uteral. The average in uteral diagnostic exposure has 
been estimated to deliver doses between 1 and 3 rad and the 
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above-mentioned consequences of these exposures emphasizes 
again the importance of avoiding unnecessary diagnostic expo-
sure and especially of avoiding all unnecessary exposure to 
children, the fetus and the fertilized ovum. 
Until we have developed a coherent theory of radiation dam-
age it will be impossible to state with absolute certainty whether 
there is or is not a threshold dose below which the probability of 
damage to man is zero or is completely negligible. The pre-
ponderance of evidence at present is such that we must assume 
all radiation dose from ionizing radiation received by man in-
creases the probability he will sustain consequent somatic 
and/or genetic damage. In view of the fact it will be impractical 
or impossible ever to obtain a mass of data sufficient to prove 
that very low doses and low dose rates of ionizing radiation expo-
sure to man are harmless and in view of the fact that a large 
number of experiments seem to demonstrate a linear relationship 
between dose and effect in the dose range where the probable 
errors are small and on down to doses in the neighborhood of 
permissible occupational exposure, it seems the only prudent 
course is to accept the recommendations of ICRP, NCRP and 
FRC and assume a linear relationship between dose and effect 
and that there is no threshold below which radiation damage is 
zero. I am in complete agreement with Gofman and Tamplin and 
with ICRP, NCRP and FRC in this matter. The ICRP and 
NCRP are acutely aware of the uncertainties regarding the 
safety of the present radiation protection standards but feel 
they are safe at present in the sense that they appear to imply 
a risk of relatively small magnitude which we believe to be 
acceptable. The ICRP has emphasized the importance of study-
ing this problem continuous1y and revising its recommendations 
time to time where such revisions appear to be warranted. It is 
pointed out by ICRP(19) that its recommendations regarding 
present standards of radiation protection are based on observa-
tions on man which for the most part last no more than about 
20 years. ICRP(19) goes on to say: 
Twenty years may seem a long enough period of observation in 
which to make a satisfactory assessment of tumor induction in ir-
radiated human beings, but we have emphasized that this is not so. 
The latent period before tumors appear may be much longer than 
this, and the over-all risk of induction of cancers in a particular 
tissue or organ can be appreciated only after the rate of appearance 
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of new tumors begins to fall or a population has died out .... An-
other 10 or preferably 20 years of observation should reduce these 
kinds of uncertainty but only to a limited extent. 
Even in the case of cataracts of the eye where, as indicated above 
by Parker,(6) it is generally considered there may be a threshold 
dose below which opacities of a degree to interfere with vision 
do not occur, the ICRP(19) sheds some doubt when it states, 
"[p]ossibly no one has sought to see if senile cataract in man is 
augmented or accelerated by exposure to radiation, and synerge-
tic interaction of radiation and age must remain a possibility until 
the investigation has been made. Experimental work with rabbits 
did not reveal a synergism." Thus, even in this one case where 
an exception might be made to the linear hypothesis, there is 
some doubt and cause for caution by persons who may not be 
willing to risk the development of cataracts early in old age 
because of excessive exposure to the lens of the eye, for example, 
from carelessly and excessively administered diagnostic dental 
x-rays. In this connection, it should be kept in mind that the 
USPHS<20) surveys indicated the cross-sectional area of the 
dental x-ray beam is greater than three times the area of the 
dental film for over 50% of the dental x-rays in the U.S. and 
greater than six times in many cases. How much of this un-
necessary x-ray beam strikes the lens of the eye is unknown at 
present. 
RECOMMENDED DOSE LIMITS 
Table 1, column 2, summarizes values of maximum permissible 
annual dose equivalent for the occupational worker as recom-
mended by ICRP. ICRP recommends -ftr of these values (listed 
as AEC values in column 3 of Table 1) as limits of exposure to 
members of the population-at-Iarge. The question is sometimes 
asked why occupational workers are allowed 10 times the 
dose permitted to members of the population-at-Iarge. The 
reasons for this are summarized in Table 2.<21,22) In addition to 
setting the dose limits for members of the population-at-Iarge at 
..fir of the values given in column 2 of Table 1, the ICRP has recom-
mended that the genetically significant dose of the average 
member of the population should not exceed 5,000 mrem/30 yr 
(30 years is the average genetic period or the age at which the 
average person has had half his children) or an average of 170 
mrem/yr. 
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TABLE 1 
RECOMMENDED PERMISSIBLE DOSE RATE 
Radiation Protec-
Values Recom- AEC Values Limiting AEC tion Guides of mended by Corresponding· FR C(u.43l for 
Critical Body Organ ICRP for Occ. to AEC, Table II, Values Under Exposure of Popu-Special Circum-Worker Title 10, Ch. 1 stances (mrem/y) lation Groups (rem/y) (rem/y) during Normal 
Peacetime (mrem/ y) 
Gonads, total 
body & red 
bone marrow 5 0.5 170 170 
Skin, bonet 30 3 1000 500t 
Other internal 
organs 15 1.5 500 
* These are estimated dose rates reached in the indicated body organ 
following intake of water or air concentrations of radionuclides given 
in AEC Title 10, Ch. 1, Table II by the typical adult individual con-
tinuously for 50 years. 
t Thyroid was originally included with this group but is included 
now with "other internal organs." 
t This FRC-RPG was given only for bones.(43) 
In some of its very early reports(2) ICRP suggested that for 
planning purposes the maximum permissible concentrations, 
MPC, in the air and water of the environment should be less 
than values for the occupational worker by a factor of m for 
radionuclides where gonads are considered to be the critical 
tissue irradiated. It indicated that in the case of irradiation of 
other organs, the occupational MPC should be reduced by a 
factor of -fi (since occupational MPC values are calculated to 
result in a dose rate limit of 5000 mrem/yr to the total body and 
red bone marrow, this corresponds to 170 mrem/yr). In view of 
the fact that this preliminary guide has been so misunderstood 
and misused, the ICRP no longer considers it one of its recom-
mendations. Instead, the emphasis is placed on taking appropri-
ate measures and following recommended procedures such that 
individual members or critical segments of the population will 
not exceed dose values summarized in column 3 of Table 1 or -h 
of the maximum permissible levels allowed the occupational 
worker. 
In order to simplify the implementation of this recommenda-
tion for large operations such as nuclear power plants, the 
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TABLE 2 
REASONS PERMISSIBLE EXPOSURES OF POPULATION-AT-LARGE 
TO IONIZING RADIATION ARE 10% OF THOSE 
FOR OCCUPATIONAL WORKERS* 
1. These other groups are larger, hence contain a correspondingly 
larger number of individuals with injurious effects per rem of dose 
equivalent. 
2. Employment involving occupational hazard from radiation ex-
posure is voluntary and, in principle, the hazard can be foreseen by 
the individual accepting the risk that may be involved. 
3. Industrial workers are screened so those least able to meet any 
particular hazard may be channeled into other activities. 
4. In industry there can be evaluation and control of the hazards by 
radiation monitoring. 
5. Population groups other than occupational are more likely to con-
tain children and embryos that are more sensitive to radiation 
damage and also they may contain older adults who may be more 
susceptible to radiation damage. 
6. The number of years of occupational exposure will be less than the 
number of years of environmental exposure. 
7. Each industry cannot be permitted to impose a full measure of its 
peculiar occupational hazards on the environment. 
* These values are taken from the text, Principles of Radiation Pro-
tection(21), by K. Z. Morgan and J. E. Turner which summarizes the 
conclusion of an ad hoc committee on NCRP (Science, Vol. 131, p. 482 
(1960». 
ICRP(23) recommended that prior to the beginning of such 
operations a careful study should be made of the environment, 
the radio nuclides that are expected to be discharged, the popu-
lation which would be exposed, and a detailed evaluation be 
carried out on the critical radionuclides, the critical pathways 
by which the radionuclides might be concentrated and the critical 
segments of the population which might be exposed. A critical 
radionuclide might be one which is released in large quantity, 
is particularly toxic, or which might be concentrated in certain 
parts of the food chain by a very large factor. The critical path-
ways in the environment are those which might result in large 
concentrations or doses to members of the population or in 
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certain cases might cause unacceptable damage to the ecosystem. 
The critical segment of the population comprises that group 
which is relatively small and homogeneous and is anticipated to 
receive the largest dose or greatest resultant damage from radia-
tion exposure. The ICRP emrhasized that the average dose to the 
critical organs of members 0 this critical segment of the popula-
tion should not exceed those values listed in column 3 of Table 1. 
This means that, in theory at least, half the members of this 
relatively homogeneous critical segment might exceed these 
levels, whereas the other half would be below them. On the other 
hand, it is to be noted that these are upper limits, and the ICRP 
has emphasized that reasonable precautions must be taken to 
operate facilities in such a way as to reduce population exposures 
to the lowest practicable level. It is significant to note that 
"practicable" rather than "possible" was used in this recom-
mendation because by the use of better and better equipment 
and by expending more dollars and manpower, an organization 
could always reduce the levels closer to zero. Thus, it would be 
impossible to operate nuclear power plants if "the lowest possible 
level" had been a requirement. As an illustration, the critical 
segment of the population might be in uteral children, children 
of ages 1i to 2, old persons above 80, persons with certain ail-
ments such as diabetes or persons with certain habits such as 
eating large quantities of certain fish from the river bottoms or 
eating seaweed. In any case, an effort must be made to keep the 
critical segment relatively small and uniform in those charac-
teristics related to the dose. Thus, it is seen most of the members 
of the population downstream or downwind from such an opera-
tion would in practice be permitted by ICRP to receive only a 
fraction of the dose limits listed in column 3 of Table 1. Under 
very unusual circumstances, the critical segment of the popula-
tion might receive these dose limits. The spread of doses received 
by the critical segment of the population would not be expected 
to be very large; for example, studies of Snyder and Cook(20) have 
indicated that as much as 5% of this population might be ex-
pected to receive doses that are three or more times the mean. 
Table 3 summarizes radiation protection standards set by the 
USAEC in Title 10, Part 20,(26) as permissible dose equivalents 
for persons in unrestricted areas, for surveillance requirements to 
help assure compliance with all AEC regulations pertaining to 
these areas, and as precautionary measures specified to minimize 
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TABLE 3 
PERMISSIBLE DOSE EQUIVALENTS IN UNRESTRICTED AREAS 
(AEC TITLE 10, PART 20.105)(26) 
1. A person is permitted to receive no more than 500 mrem/year. 
2. Areas which could be continuously occupied must not deliver to a 
person more than 2 mrem/hour. 
3. Areas which could be continuously occupied must not deliver to a 
person more than 100 mrem/week. 
the risk of exceeding fi the ICRP occupational exposure limits 
of column 2, Table 1. It is to be noted in Table 3 that the AEC 
annual limiting dose in unrestricted areas is fer of the value given 
in column 2 of Table 1 by the ICRP in the most restrictive case 
which is for gonads, total body and red bone marrow. The limits 
of 2 mrem/hr and 100 mrem/week reduce the likelihood that a 
person will receive more than 10% of the annual limiting dose in 
a single day, or more than 20% of the annual limit in a week. The 
surveillance requirement in Table 4, that concentration of 
effluents averaged over a year at the boundary of the restricted 
area is not to exceed values listed in AEC Table 2 of Title 10, 
Chapter 1, in some cases might be considered as a useful pre-
liminary guide in that it conforms to the early 1958 recommenda-
tion of ICRP(2) which has long since been abandoned. However, 
it would not of itself be adequate or in any wise sufficient as 
ICRP has pointed out and as Tamplin, Gofman and Geesamon 
have emphasized in some of the testimony before the Subcom-
mittee on Air and Water Pollution. The ICRP as well as these 
three witnesses has emphasized that there are factors of recon-
TABLE 4 
SURVEILLANCE REQUIREMENTS TO ASSURE PERMISSIBLE DOSE 
EQUIVALENTS IN UNRESTRICTED AREAS ARE NOT EXCEEDED 
(TITLE 10, PART 20. 106)(26) 
Concentrations of EfHuents averaged over a year at boundary of re-
stricted area must not exceed values in Table II of Title 10, Ch. 1, 
Appendix B. These values in most cases are -h of the values given by 
ICRP Publication 2(12) (1958) and ICRP Publication 6(27) (1964) 
for continuous occupa tional exposure, 168 hours per week. 
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centration in the environment which for some radionuclides may 
be as high as 104 or 106, and if levels of activity beyond the 
boundaries of these operations were maintained at the values 
listed in the AEC Table 2, Title 10, Chapter 1, for a very long 
time, theoretically, it would be possible for persons consequently 
exposed to receive doses to their critical organs thousands of 
times the limits set in column 3, Table 1. In other words, if 
iodine-131 were maintained at the MPC values listed in AEC 
Table 2 of Title 10, Chapter 1, over a dairy pasture just beyond 
the boundary of an operation for a long time and if a child used 
exclusively milk from cows that subsisted primarily on grass 
contaminated with this iodine-131 fallout, it would be possible 
for such a child to build up a concentration in his thyroid that 
would deliver doses of 100 to 1,000 times the permissible levels 
summarized in column 3 of Table 1. Theoretically, a similar situa-
tion could exist if a person subsisted primarily on fish soup in 
which he cooked the bones as well as the flesh of certain types 
of fish that are known to concentrate 32p in their skeleton by 
factors that may be as high as 106• It should be emphasized, 
however, that such situations have never existed and that the 
AEC limitation 1 in Table 3 would prohibit its occurrence. The 
values of air and water concentration of radionuclides given in 
AEC Table 2, Title 10, Chapter 1, correspond for the most part 
to -h of the occupational MPC values of ICRP(12,27) for continu-
ous exposure and, under certain conditions, to the values listed 
in column 3 of Table 1. For radionuclides with short effective 
half lives (short radioactive half lives and short biological half 
lives), these dose rates (in column 3 of Table 1) would be reached 
in a very short period of time by persons using this water or 
air exclusively at levels in AEC Table 2, Title 10, Chapter 1. 
For radionuclides with long effective half lives such as, for 
example, strontium-90 or plutonium-239, these dose rates would 
be reached only after an exposure of 50 years by the standard 
man. The standard man is a reference adult individual assumed 
by ICRP(12) in calculations of values of MPC for the occupational 
worker. He is a typical Northern European or North American 
nuclear energy worker. Therefore, a young child who might be 
living in the population-at-Iarge could exceed the dose limits 
given in column 3 of Table 1 if he were to use exclusively water 
and air for a long period of time at the levels specified by only 
one of the AEC surveillance requirements, i.e., that given in 
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TABLE 5 
PRECAUTIONARY MEASURES SPECIFIED BY THE AEC TO 
MINIMIZE RISK OF EXCEEDING AEC DOSE LIMITS 
(TITLE 10, PARTS 20 AND 100)(26) 
(1) Licensee shall "minimize the radioactivity discharged in effluents 
to unrestricted areas." 
(2) Licensee shall make "such surveys as may be necessary for him to 
comply with the regulations." 
(3) "Reactors will reflect through their design, construction and 
operation an extremely low probability of accidents that could 
result in release of significant quantities of radioactive fission 
products. " 
Table 4. The chances of this happening are very remote, but this 
emphasizes again the point made by Gofman, Tamplin and 
Geesaman that conformance with this one AEC requirement 
alone is not a sufficient condition for the radiation safety of ex-
posed members of the population. In addition, there must be 
conformance to the other AEC requirements such as those in 
Tables 3 and 5. 
Table 5 summarizes some other requirements of the AEC 
which I believe go far beyond the requirement indicated in Table 
3 and assure that exposures of populations in the drainage basins 
-living downstream or downwind from these operations-will 
not exceed the limits of dose set in Table 3. In fact, all operations 
of the large AEC contractors with which I am familiar carryon 
rather extensive environmental monitoring programs to assure 
that exposure of the neighboring populations is as low as practic-
able and in all cases a small fraction of the limits specified in 
Table 3. It is at this point primarily that my views deviate from 
those expressed by Gofman and Tamplin in their previous testi-
mony before the Subcommittee on Air and Water Pollution of 
the Senate Committee on Public Works. They indicate that 
there is considerable urgency that the AEC permissible exposure 
levels be reduced. Since populations in the environs of operations 
of the AEC or of nUclearJower plants are relatively small (a 
small fraction of the total . S. population) and are subjected to 
only a small fraction of the permissible exposure limits, I see no 
great urgency to reduce these exposure limits. It should be 
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emphasized, however, that the AEC rrecautionary measures 
specified under Table 5 are essential i we are to continue to 
maintain satisfactory present acceptable standards of population 
exposure. 
While I disagree with Gofman and Tamplin that there is an 
urgency to reduce AEC exposure limts, I do agree there is one 
area in which there is considerable urgency to reduce unneces-
sary population exposure, but now I have in mind the principal 
source of exposure in the United States. It is a source of popula-
tion exposure to man-made radiation that is 100 times that re-
ceived from all AEC operations and present nuclear power plants 
and associated facilities. Surveys that were carried out in 1964(20) 
indicated that about 95% of the population dose from man-made 
sources of ionizing radiation derives from medical sources, and 
rough estimates would indicate that less than 1% of the popula-
tion dose derives from operations of the AEC and present nu-
clear power plants. It is difficult to see the great urgency of re-
ducing less than 1% of the population exposure while doing 
nothing to minimize that source of exposure which is responsible 
for more than 95%. 
In addition to the AEC requirements summarized above, the 
AEC imposes another factor of i to the dose limits in certain 
cases. This reduces the permissible values from those listed in 
column 3 of Table 1 to those in column 4. This brings us to the 
170 mrem/yr figure which is the same as that listed also by the 
FRC in column 5 of Table 1 and happens to be the same as that 
suggested by ICRP as the limit for average annual genetically 
significant dose to each member of the entire population. Part 
of the controversy that has resulted between Gofman and Tamp-
lin and certain members of the AEC has been the fact that these 
two values happen to be the same and that the AEC regulations 
in Title 10 do not state clearly the size of the population to which 
this 170 mrem/yr listed in columns 4 and 5 of Table 1 may be 
applied. Taking literally only parts of Title 10 without reference 
to other parts of it and ignoring the operating history of the AEC 
con tractors and not recognizing the present low level of exposure 
to the population from operations of the AEC and nuclear power 
plants, one could conclude it would be possible and permissible 
to the AEC for all members of the population in the United 
States to average this 170 mrem/yr solely from reactor opera-
tions. I do not share this view. N ei ther do I believe it would be 
, 
I 
112 ENVIRONMENTAL AFFAIRS 
in any wise acceptable to the AEC and in conformance with the 
complete text of AEC regulations in Title 10. I would agree, 
however, that Title 10 is very poorly written and invites mis-
interpretation. Some parts of the text must not be taken too 
literally but rather must be understood as modified by other 
parts of the publication and by the manner in which these regula-
tions are now interpreted and put into practice by the various 
nuclear facilities in the United States. I am pleased to hear that 
the AEC is in the process of revising Title 10, and I hope we will 
be provided with a text which can be readily understood, is more 
difficult to misinterpret, internally consistent and in confor-
mance with the best implementation of these regulations. It is 
important that recommendations of the FRC (now perhaps part 
of the EPA) and the AEC emphasize that dose to the individual 
and dose to the critical segments of the population are the im-
portant criteria and that maximum permissible concentrations 
(I'c/cc) in air and water are tertiary standards, body burden 
(I'c) of the radionuclide in the total body or in a given organ of 
the body is a secondary standard, and parameters such as con-
tration of radionuclides in the grass are quaternary standards. 
More emphasis as far as the radionuclides are concerned should 
be placed not on the MPC's (I'c/cc) discharged at the boundary 
of the operation but on the totall'c discharged into the environ-
ment (per week, per month, per year, etc.) and the allowable 
quantities should be determined by which radionuclides are in-
volved, the critical elements of reconcentration by food chains 
in the environment and the critical segment of the population 
that subsequently may be exposed. Emphasis should be placed 
on the need for certain measuremen ts in order to carry out the 
requirements implied in Table 5. The importance of dose com-
mitment, i.e., dose accumulated by a body organ over a lifetime 
from an intake of limited duration, should be emphasized as well 
as the annual dose rates. This becomes important because in the 
case of radionuclides with long effective half life, it would under 
no circumstances be acceptable for members of the population 
to build up concentrations of radionuclides such as strontium-90 
and plutonium-239 in their skeletons in one year such that the 
dose rates reached 500 mrem/yr as allowed in column 5, Table 1. 
If this were to happen as a consequence of one year of intake of 
long-lived, bone-seeking radionuclides, such persons would con-
tinue to receive essentially these limiting dose rates to their 
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skeletons for many years to follow even though they had no 
additional intake of radioactive material or exposure from ex-
ternal sources of radiation. The maximum permissible annual 
dose commitment to a member of the population-at-Iarge as 
defined by ICRP is an intake (usually of short duration) which 
would correspond to an intake at -lo the occupational MPC for 
one year and in such case the in tegra ted dose over the following 
50 years from such an intake would correspond to the annual dose 
limits given in column 3 of Table 1. It is essential that the concept 
of dose commitment be woven into these revised FRC (or EPA) 
and AEC regulations; otherwise, it would be necessary to keep 
track of the body burden of the long-lived radionuclides accumu-
lated by each individual in the environment of these power 
reactors. The procedures set forth by ICRp(23 ) in its Publication 
7 are relatively simple, but they must be properly interpreted 
and implemented by qualified health physicists and not solely 
in terms of tertiary and quaternary standards. 
RADIATION EXPOSURE EXPERIENCE 
As indicated above, the employees of the AEC and its con-
tractors have maintained personnel exposures with the exception 
of a few accidents far below the maximum permissible values. 
Table 6 summarizes, for example, exposures at Oak Ridge 
National Laboratory and indicates that in a typical year (1968) 
the mean dose was only about 2% of the 5 rem/yr permitted. 
Likewise, the environmental exposures from operations of the 
AEC and of nuclear power plants have been extremely low such 
that my estimate of the population dose from all of these sources 
(averaged over the 200 million persons in the United States) is 
less than 1 mrem/yr or less than 1 % of the population dose from 
diagnostic medical x-rays. Thus, when one discusses meaningfully 
the experience in the United States regarding exposure to man-
made sources of ionizing radiation, attention must be focused 
primarily on medical diagnostic exposure. A few years ago, fall-
out exposure was about 5% of medical diagnostic exposure in the 
United States, but now it has dropped to about 2% and continues 
to drop in spite of the few weapons tests by the French and 
Communist Chinese. There are no good data indicating the 
average therapeutic dose from medical sources of radiation in the 
United States, but estimates would indicate that it is probably 
less than 10% of that from diagnostic exposure. In 1963, the 
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TABLE 6 
RADIATION EXPOSURE AT OAK RIDGE NATIONAL LABORATORY 
Cumulative Whole Body Dose 
Range in rem 
Number of Employees (on payroll in 1968) 
Accumulating this Dose 
Since Employment 























Mean Dose--2.52 rem } 
Median Dose (estimated)-0.6 rem 
Mean Dose-O.ll rem } 












Since employment began 
at ORNL 
In 1968 
Public Health Service (20) obtained data indicating that the 
average genetically significant dose from medical diagnosis in 
the United States was 55 mrem/yr. There are no good data from 
which to estimate the dose received by other critical body organs 
from medical diagnosis, but data which are available indicate 
these medical doses are at least three times the genetically sig-
nificant dose. From this, one can conclude the average red bone 
marrow dose to each person in the United States is in the neigh-
borhood of 150 mrem/yr, and the average dose to other critical 
organs such as the breasts and thyroids may be still higher. The 
Public Health Service did begin a new survey in 1970, and it is 
too early to indicate what the results will be, but some are pre-
dicting medical diagnostic doses are considerably higher than 
they were in 1963, primarily perhaps because of the extensive use 
of diagnostic x-rays in Medicare and Medicaid. It sometimes 
happens that misfortunes are benefits in disguise, but I often 
think in our modern society and in this case the careless and un-
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TABLE 7 
GENETICALLY SIGNIFICANT DOSE TO PEOPLE IN VARIOUS 
ADVANCED COUNTRIES FROM MEDICAL DIAGNOSTIC X-RAYSt 
Population 













United Kingdom (1957) 
United States (1964) 
















* Values from "Population Dose from X-Rays, U.S., 1964," U.S. 
Public Health Service Publication No. 2001, October 1969(28) 
t Values from UNSCEAR Report Suppl. No. 16 (A/5216), 1962(29) 
t It is estimated that the average dose to most organs of the body is 
two to three times the genetically significant dose. 
informed use of medical diagnosis by some members of the medi-
cal profession forces us to conclude that some of these benefits 
are misfortunes in disguise. Table 7 summarizes some of the data 
taken primarily from reports of the United Nations Scientific 
Committee on the Effects of Atomic Radiation. (29) There are 
several reasons why exposures in the United States are much 
higher than those in most of the advanced countries of the world. 
In some cases, this is true because we make better use of x-rays, 
but I believe the principal reasons are that some state agencies 
for control of population exposure lack organization and experi-
ence; they have not been in existence as long as in some coun-
tries, and in most states they are understaffed and ineffective. 
Another reason is that in our medical and paramedical schools 
less attention (and in some cases almost none) is given to matters 
of radiation protection. In our country, only one state-Cali-
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fornia-requires the teaching of courses in x-ray and radiation 
protection in the medical schools and questions on the state 
board examinations on these subjects. Only in the states of New 
York, New Jersey, and California is it required that x-ray tech-
nologists have education and training in these subjects and proper 
certification. I am pleased that there is a bill introduced by Mr. 
Randolph (for himself, Messrs. Eagleton, Gravel, Hart, J avits, 
Mondale, Moss, Muskie, Stevens and Williams of New Jersey), 
S.3973, to amend the Public Health Service's Act to Provide for 
the Protection of the Public Health From Unnecessary Medical 
Exposure to Ionizing Radiation. This bill would require the 
Secretary of HEW to take specified actions to assure that ap-
propriate education and training programs for x-ray technologists 
are established in the various states. This would be accomplished 
primarily by requiring the education, training and certification 
of x-ray technologists and limiting the use of medical x-ray 
equipment to such trained and certified personnel. It is hoped 
that some Congressional leader will rise and support a similar bill 
in reference to medical doctors (practitioners, chiropractors, 
neurologists, urologists, pediatricians, etc.). The late Senator 
Bartlett from Alaska was primarily responsible for pushing for 
the unanimous passage of Public Law 90-602 which was designed 
to amend the Public Health Service's Act to Provide for the 
Protection of the Public From Radiation Emissions From Elec-
tronic Products. It was originally intended that this bill include 
medical x-ray machines and requirements for education, training 
and certification of all medical personnel including practitioners, 
chiropractors, etc., but, unfortunately, some of the teeth were 
taken out of the bill before its passage. Prior to the untimely 
death of Senator Bartlett of Alaska, he indicated to me his desire 
to bring about measures to assure the proper knowledge and use 
of x-rays by all members of the medical profession. 
If the Subcommittee on Air and Water Pollution is interested 
in reducing unnecessary population exposure from ionizing radia-
tion there is nothing more effective it can do than continue this 
development which Senator Bartlett began in order that we bring 
about effective reductions in the population exposure from 
diagnostic x-rays. Surveys have indicated that more than half of 
the diagnostic x-ray machines in use in the United States are 
owned and operated by non-radiologists, most of whom have no 
training in the use of x-rays. It is fortunate the work load on 
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these machines is small so that more than 50% of diagnostic 
radiograms are performed by radiologists because Public Health 
surveys (20) have indicated, for example, that for the average 
abdominal x-ray diagnosis in the United States the skin dose de-
livered to the patient by the radiologist is 636 mR, but by other 
members of the medical profession, it is 1,254 mR. In other 
words, the patient receives on the average half the dose to the 
abdomen if he seeks more competent medical expertise. This is 
not to imply, however, that all practitioners, chiropractors, 
pediatricians, etc., are necessarily less competent or more care-
less in the use of diagnostic x-rays than radiologists, because 
some are as radiation-conscious and as careful as perhaps the 
best radiologists, and there are some radiologists who seem to 
have little regard for radiation protection of the patient and 
common health physics principles for reducing all unnecessary 
exposure. In Congressional hearings in 1967(30) there is a sum-
mary of 63 ways by which this patient exposure could be re-
duced easily to less than 10% of its present value without 
eliminating any of the needed x-rays or diminishing any of the 
diagnostic benefits. In fact, just the contrary would be true; 
namely, most of the procedures for reducing unnecessary medi-
cal exposure would at the same time assure more detail on the 
radiogram and more meaningful diagnostic results. Many radio-
logical societies and dental societies in the United States seem 
most anxious to reduce unnecessary patient exposure. However, 
at times some of these societies and their members make state-
ments which lead one to believe they are to some extent more 
concerned in giving the public the impression they do not make 
mistakes or that they have all the answers than they are in 
putting their house in order and reducing all unnecessary patient 
exposure. 
It is difficult to understand why so many dentists still are 
using film of low speed which have been shown (31) to deliver 
three times the dose to the skin of the patient that is delivered 
when high-speed film are used or why a large fraction of the 
dentists(20) fail to use a thermometer to control temperatures of 
developing solutions that should be maintained within a few 
degrees. Simply by using high-speed film and presently avail-
able(32) collimating devices which limit the beam area to that of 
the film, the gram-rad dose to the patient can be reduced to the 
order of 10% of the present value. Surveys of the Public Health 
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Service(33) have indicated that a large fraction of the dentists are 
overexposing the film and underdeveloping them and that many 
are using antiquated darkroom facilities for the development of 
the film, using short cones rather than the recommended long 
cones, improper voltage and current settings of the machine, 
improper timing devices, etc., all of which account for the fact 
that one dentist may take a series of radiograms with a skin dose 
of 2000 mrem, whereas another may deliver a dose of 100,000 
mrem or more. The situation is similar if one's child has a chest 
x-ray. In the Oak Ridge National Laboratory, skin doses range 
from 10 to 20 mrem per chest x-ray, whereas at some facilities 
the skin doses are greater than 1000 mrem. Yet with the type of 
facilities at Oak Ridge, more radiographic information is ob-
tained. The differences are primarily those of proper education, 
training and motivation on the part of members of the medical 
and paramedical professions and in their use of proper equip-
ment and techniques. I would consider this paper on the ade-
quacy of present standards for radiation exposure to be very 
much amiss if it did not emphasize the need for reducing medical 
diagnostic exposure in our country to less than 10% of its pres-
ent value. At the same time, I do not wish anything stated here 
to delay or deny a single x-ray examination that is needed by 
the patient and is properly administered by competent medical 
and/or paramedical personnel using good equipment and ap-
propriate techniques. 
COMPARISON OF RADIATION RISKS WITH OTHER RISKS 
In evaluating the safety of an operation or an industry, one 
should not look only at one of the risks but at all of them. The 
safety rating of an industry is determined by the number of 
minor incidents and accidents, the number of lost-time accidents 
and major accidents and the number of fatalities. During the 
period 1943-67 there were only four fatalities attributable to 
radiation exposure among a total of 98 at AEC operations (I 
have added the Wood River Junction, R.I. fatality (July 24, 
1964)), and there were only 38 radiation injuries out of a total of 
8,487. (44) Not only were the radiation injuries exceedingly low, 
but the over-all number of accidents and injuries were so low 
that the nuclear energy industry is rated as one of the safest of 
all modern industries. This, of course, takes no account of in-
juries or deaths that may have been caused by low-level, chronic 
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exposure and subsequent malignancies and life shortening, but 
at the low levels of radiation exposures at these operations, it is 
difficult, and perhaps impossible, to identify such injuries, if 
they exist, and determine their origin. As noted in Table 6, 
exposures at AEC-supported laboratories have been only a few 
percent of the maximum permissible occupational exposure. So 
long as the actual accumulated exposures of radiation workers are 
much less than the maximum permissible values, the risks from 
exposure to ionizing radiation at these operations should be quite 
acceptable and relatively small compared to other industrial 
risks and commonly accepted hazards such as those unhesitat-
ingly assumed in driving an automobile to work. These risks are 
discussed further in the next section dealing with possible con-
sequences of present radiation exposure limits. 
In considering the acceptabili ty of risks from a given industry 
such as the nuclear power industry, we sometimes fail to give 
proper consideration to the risks associated with alternative 
choices. For example, a community with the best of intentions 
might wish to reduce the radioactive effluents from nearby nu-
clear power plants to the vanishing point such that even on the 
linear hypothesis the number of estimated radiation injuries and 
deaths would be reduced essentially to zero. However, I believe 
such a restriction should not be acceptable if it means the cost of 
electrical energy will be raised 50% resulting in the loss of many 
lives because homes are deprived of the comforts of electric 
heating, air conditioning and refrigeration or if it means fossil 
fuel plants will be built instead. Fossil fuel plants not only intro-
duce chemical contaminants to the environment but also radio-
active and thermal pollution. The radioactive contaminants 
from a nuclear power plant consist mostly of fission products 
such as 3H and 84Kr and in some cases induced radionuclides, 
whereas the radioactive contaminants discharged from the stacks 
of fossil fuel plants consist mostly of 232Th, 238U and their daughter 
products such as 226Ra, 228Ra, 228Th, 222Rn, 23DTh and 220Rn. The 
level of radioactivity from these fossil fuel plants usually has 
been less than that from the water-boiler type of nuclear power 
plant, but Martin ct al. (34) have shown it can be greater than that 
from some of the more modern pressurized water nuclear power 
plants. Both nuclear power plants and fossil fuel power plants 
discharge heat from their condensers to the environment, and at 
present this balance is in favor of the fossil fuel plants which dis-
120 ENVIRONMENTAL AFFAIRS 
charge 30 to 40% less heat per kilowatt hour. Again, however, it 
is anticipated that the nuclear power plants of the future, i.e., 
fast breeders and perhaps later thermal breeders, will be able to 
operate at temperatures as high as fossil fuel plants such that 
their waste heat to the environment per kilowatt hour will be 
no more than that from the most modetn fossil fuel plants. Thus, 
if our concern is primarily with radiation and thermal pollution 
of the environment in the years ahead, our objectives might be 
defeated completely if we take actions that will force us to move 
in the direction of fossil fuel power plants. 
In addition, fossil fuel power plants, unlike nuclear power 
plants, produce chemical pollution of the environment. Some of 
the gases which they discharge such as O2, N2, CO2, H 20 vapor, 
etc., are not known to be harmful, but other chemicals such as 
oxides of sulphur, oxides of nitrogen and organic compounds 
including polynuclear hydrocarbons are harmful to humans, 
plants and animals and often cause serious damage to property. 
S02 is especially harmful in that it can be converted in the atmo-
sphere to SOa and in turn to H 2S04 which can lead to serious 
consequences to man and his environment. It is fairly well es-
tablished that S02 plus other pollutants leads to synergistic 
effects where the total damage is much worse than that of the 
sum of the damage produced by either alone. Nitrogen oxide can 
be converted into nitrogen dioxide which is a lung irritant. There 
have been many reports suggesting that air pollutants not only 
from fossil fuel power plants but from the exhausts of auto-
mobiles and home furnaces lead to an increase of various dis-
eases such as emphysema and chronic bronchitis. Table 8 sum-
marizes the principal sources of the more important air pollu-
tants. Here it is observed that fossil fuel power plants contribute 
46% of the oxides of sulphur, 23% of the oxides of nitrogen, 
and 25% of the particulate airborne contamination in the en-
vironment. Since nuclear power plants will permit us to avoid 
this contribution to chemical pollution of the air, this undoubt-
edly will present a great boost to better health, a reduction in 
deaths from a number of respiratory-related diseases, less smudg-
ing and tarnishing of our buildings, a reduction in corrosion of 
exposed metal surfaces and will help remove the smog from many 
of our communities to bring esthetic values not measured in 
material wealth. 
This is not to assert that one mistake justifies another or that 
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TABLE 8 
SOURCE OF AIR POLLUTION(35) 
(in millions of tons annually (1966)) 
Carbon Sulfur Nitrogen Hydro- Particula te Totals Monoxide Oxides Oxides carbons Matter 
Motor vehicles 66 1 6 12 1 86 
Industry 2 9 2 4 6 23 
Power plan ts 1 12 3 1 3 20 
Space heating 2 3 1 1 1 8 
Refuse disposal 1 1 1 1 1 5 
Total 72 26 13 19 12 142 
the contaminants we have had from fossil fuel plants might 
justify radioactive contamination of the environment by nuclear 
plants. Rather, it is emphasized that from the standpoint of 
radiation safety and other industrial risks and from the stand-
point of environmental contamination including that from radio-
active sources, the nuclear industry has set what I believe is a 
very high standard, and these standards must be maintained in 
the years ahead. As indicated above, my estimate of the average 
dose to members of the U.S. population from AEC operations 
and nuclear power plants is less than 1 mrem/yr. This includes 
the dose from occupational exposure and environmental con-
tamination but excludes that from weapons fallout from atmo-
spheric testing. It is hoped that 10 years from now we can still 
say this exposure is less than 1 mrem/yr, and by the turn of the 
century this average population exposure Ifrom nuclear power 
plants and all other AEC operations combined will not exceed 
5% of the limiting population dose of 170 mrem/yr. 
During the past decade, great emphasis has been placed by the 
International Commission on Radiological Protection and by 
professional health physicists throughout the world on balancing 
the benefits against the risks in the use of ionizing radiation. 
Figure 2 indicates for illustration some of the benefits that must 
be balanced against the risks in the use of various forms of radia-
tion. Hopefully, the scales will always swing heavily on the 
benefits side. It is very difficult, however, to attach a common 
quantitative unit of measurement that applies to each of these 
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benefits and risks. In such a balancing program, there would be 
many members of society who would receive great benefits, both 
direct and indirect, from ionizing radiation while at the same 
time the reverse might be true for others. Quite frequently, those 
receiving the risks would not be those sustaining a large mea-
sure of benefits. I doubt that we will ever be able to do a perfect 
job of balancing the benefits against the risks on a quantitative 
basis, but I believe, nevertheless, those responsible for setting 
radiation exposure standards must strive constantly to do a 
better job in making these evaluations. For example, it has been 
indicated repeatedly that at present the population exposure 
from AEC operations and nuclear power plants is probably less 
than 1% of that from medical diagnosis. It has been emphasized 
further that medical diagnostic exposure of the population can 
be reduced to less than 10% of its present value without in any 
wise diminishing the number and quality of diagnostic x-rays. 
It would seem, as it appeared so clearly to the late Senator 
Bartlett who did so much for the passage of Public Law 90-602, 
that if we are sincerely concerned about reducing the radiation 
risk to the population and swinging the scales down heavily on 
the benefits side, we should concentrate our efforts on reducing 
this great amount of unnecessary diagnostic x-ray exposure now 
being received by the public while at the same time taking mea-
sures to assure that, where needed, no properly conducted x-ray 
procedure is neglected or avoided. 
POSSIBLE CONSEQUENCES OF PRESENT 
RADIATION EXPOSURE LIMITS 
As explained above, it is impossible to be certain about the 
consequences of exposure to ionizing radiation such as that from 
weapons fallout or low levels of radioactive contamination in a 
river system from the operation of a nuclear power plant and 
associated facilities until man has more experience and has 
developed a completely coherent theory of radiation damage. 
In the meantime and in our lifetime, the only prudent assump-
tion is that all radiation exposure is harmful and that genetic and 
somatic damage that results is more or less proportional to the 
accumulated dose throughout the lifetime of the individual. In 
other words, this paper assumes a linear relationship between 
dose and effect-taking into account the slight deviation from 
linearity in the case of genetic damage-and makes use of the 
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assumptions made by ICRP(4) regarding the number of various 
malignancies per person per rad to the affected organ, the time 
over which they make their appearance (incubation period) and 
the number of genetic mutations and first-generation deaths per 
rad of absorbed dose to the gonads. Similar assumptions have 
been made by NCRP, committees of the National Research 
Council, the Federal Radiation Council and the United Nations 
Scientific Committee on the Effects of Atomic Radiation. Table 
9 summarizes for comparison what I estimate to be the possible 
1. 
TABLE 9 
COMPARISON OF CONSEQUENCES OF X-RAY DIAGNOSTIC EXPOSURE 
PRESENTLY RECEIVED BY THE U.S. POPULATION WITH THE 
CONSEQUENCES OF A CONTINUOUS EXPOSURE FROM ALL 
NUCLEAR INDUSTRIES OF 0.5% OF THE ALLOWED 
170 mrem/yr (0.85 mrem/yr) 
Types of Radiation Damage 
Genetic 
Consequences of Medical X-Ray 
Diagnostic Exposure Presently 
Received by U.S. Population 
deathsjyr 
1100* to 44,000t 
Consequences of Hypo-
thetical Exposure of 0.85 
mrem/yr to U.S. Popu-
lation from Nuclear 
Industries 
deaths/yr 
3* to 120t 
2. Leukemia 500 3 
3. Thyroid Cancer 0.2t to (2) 
(a) from dental x-rays 16t to (160) 
(b) from thorax x-rays 2t to ( 20) 
4. Other cancer 500 3 
5. Life Shortening 1200 8.5 
Total Deaths ( ....... ) 3300 to 46,000 18 to 140 
* This includes only 1st generation genetic deaths and assumes the 
factor of 1/6 does not apply to the high dose rates ordinarily used in 
medical x-ray diagnosis but does apply at the very low dose rate of 
0.85 mrem which would be delivered during the year. 
t This includes genetic deaths in 40 subsequent generations and 
assumes the genetic recovery factor of 1/6 does not apply in the case of 
man for medical diagnostic exposure but does apply at the very low 
dose rate of 0.85 mrem/yr. 
t This is assuming 90% of thyroid cancers are cured by medical 
treatment and so are not included in this number. The numbers in 
parenthesis include all thyroid cancers. 
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consequences of exposure from medical x-ray diagnosis that is 
presently being received by the U.S. population together with the 
possible consequences of an assumed continuous exposure at 
0.5% of the allowed 170 mrem/yr (0.85 mrem/yr) to each mem-
ber of the U.S. population from the entire nuclear industry. I 
estimate the 0.5% of the allowed 170 mrem/yr will not rise to 
more than 5% by the year 2000 even though the power generated 
by nuclear energy may increase by a factor of 100. This is because 
most of the less than 1 mrem/yr at present is from the various 
AEC operations (national laboratories, other contractors, etc.) 
and not from nuclear power plants, and the trend in the future 
will probably be toward nuclear power plants that, as indicated 
above, deliver less radioactive contamination to the environ-
ment. It also must be understood that the higher figures in Table 
9 include all genetic deaths or lethal equivalents in subsequent 
generations. This contrast with the consequences of medical 
x-ray diagnosis is rather striking. Although health physicists 
continue to do all in their power to reduce the damaging con-
sequences of population exposure to effiuents from nuclear power 
plants, their principal effort and that of the Subcommittee on 
Air and Water Pollution must be to reduce unnecessary medical 
diagnostic exposure which I believe accounts for over 3,000 
deaths/yr to the present population and may be introducing 
deaths into this and future generations at the rate of 46,000/yr. 
The medical dose rates used in these calculations are for the most 
part those obtained by the U.S. Public Health Service in its 1964 
surveys<20,28) and those reported in the UNSCEAR reports.<29,36) 
The Public Health Service surveys of medical diagnostic expo-
sure doses to the U.S. population are being repeated this year, 
and it is sincerely hoped that it will be found that the medical 
professions have succeeded in reducing this population exposure 
in the period since the last survey. Since 90% of the present 
diagnostic x-ray exposure to the population is unnecessary and 
all present x-ray diagnoses could be conducted with less than 
10% of the present exposure while obtaining far better diagnostic 
results, if the linear hypothesis which is assumed by the national 
and international standards-setting agencies is correct, the medi-
cal profession is causing something over 3,000 radiation deaths/yr 
among the present population (not counting those introduced 
into future generations), and more than 90% of these deaths (or 
2,700) are unnecessary. Some will say that medical x-ray diag-
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noses save many thousands of lives each year. The reply is that 
it is true that x-ray is one of our most essential and valuable 
medical tools, but this in no wise justifies the needless suffering 
and loss of life caused by ignorance, carelessness and disregard 
of proper equipment and techniques in the medical use of x-rays. 
In contrast, the entire nuclear industry at present is delivering 
dose to the average member of the population of less than 1 
mrem/yr so that on similar assumptions the number of deaths 
from these operations is about 18/yr or about 0.6% of those from 
medical diagnosis. In the future or by the turn of the century, 
if this dose rate has risen to 5% of the allowed 170 mrem/yr (or 
8.5 mrem/yr) to the average member of the population from the 
nuclear industry and if the U.S. population has doubled, the 
death rate from this radiation will amount to about 360/yr 
(neglecting genetic damage to future generations) or about 12% 
of those presently caused by unnecessary diagnostic exposure to 
x-rays. 
Perhaps the radiation risk problem can be placed in better 
perspective if we glance at Table 10 which summarizes the causes 
of deaths in 1967(37) from accidents and some of the more serious 
diseases and given for comparison the estimated number of 
deaths from medical x-ray diagnosis and from the nuclear indus-
try if in 1967 it was delivering on the average of 0.85 mrem to 
each member of the population (0.5% of the allowed 170 mrem/ 
yr). It will be noted that the 18 deaths/yr from the nuclear 
industry is about 0.3% of those from fires and burns or from 
drowning. This is a good argument for continuing to keep radia-
tion exposures of the population as low as practicable, but if we 
are really concerned with population exposure to radiation action 
must be taken to reduce unnecessary medical diagnostic expo-
sure. Also, by comparison, the assumed 360 deaths/yr among the 
4X 108 population in the U.S. in the year 2000 would correspond 
to two serious airplane accidents or would be a few more than the 
number of deaths/yr from lightning. 
It should be emphasized that the 8.5 mrem/yr assumed in the 
year 2000 is 5% of the 170 mrem/yr which was set by ICRP as 
the genetically significant dose permitted to the average member 
of the total population. Since most members of the population 
would receive essentially no exposure from the nuclear industry, 
this same situation would apply also if, for example, we had 
assumed in the extreme that the total 170 mrem/yr were re-
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TABLE 10 
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* All radiation deaths are calculated on the linear hypotheses of 
ICRP. These particular values include only the 1st generation genetic 
deaths among live births and assume the genetic recovery factor of 1/6 
applies at the lower dose rate of 0.85 mrem/yr but not to the common 
rather high medical dose rates. It assumes 90% of cases of thyroid 
cancer are cured by medical treatment and so only 10% of thyroid 
cancers are included. All life shortening deaths (assuming 70 yrs life 
shortening equals 1 death) are included. 
t These values in parentheses include all genetic deaths introduced/ 
yr into subsequent generations, all thyroid cancers and all life shorten-
ing deaths (assuming 70 yrs life shortening equals 1 death). It is 
assumed the genetic recovery factor of 1/6 does not apply in the case 
of man for medical diagnostic exposure but does apply at very low dose 
rate of 0.85 mrem/yr. 
t All data except that on radiation (medical diagnosis and nuclear 
industry) are taken from Accident Facts(37) and are for the year 1967. 
The terms stroke includes vascular lesions affecting central nervous 
system. 
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ceived on the average from the nuclear industry by 5% of the 
U.S. population or by 20 million individuals. It is unlikely such 
exposure of the population will be reached by the year 2000. 
My estimates of the number of deaths/yr from the nuclear 
industry are considerably less than those arrived at by Gofman 
and Tamplin and presented to the Subcommittee on Air and 
Water Pollution. Even when including all future generation 
genetic deaths (for 40 generations), life shortening, death from all 
malignancies and a doubling of the U.S. population by the year 
2000, my figure is only 2800 or about 10% of that given by 
Gofman and Tamplin. The principal differences in our approach 
to the problem and estimates of the risk are two, which can be 
summarized as follows. 
1. Gofman and Tamplin seem to assume that the AEC and 
its contractors intend or would be willing to allow all members 
of the population to receive 170 mrem/yr solely from nuclear 
power operations. Although it may be possible to draw this con-
clusion from reading only portions of the AEC regulations, Title 
10, I do not believe this is a correct assumption or that one would 
be justified in drawing this conclusion on the baiss of the entire 
AEC rules and regulations. Tables 3-5 summarize what are the 
principal requirements of AEC Title to, and attention is called 
particularly to items 1-3 under Table 5. Here it will be noted that 
the licensee must minimize the discharges of radioactive efflu-
ents; he is required to make certain necessary surveys to assure 
compliance with the limits specified in Table 3 and 4 and values 
in columns 4 and 5 of Table 1, and special precautions must be 
taken to avoid reactor accidents. In regard to Table 4, I cer-
tainly agree with Tamplin and Gofman that it would be com-
pletely inappropriate for the AEC or any of its related operations 
to rely on meeting the requirements listed in Table 3 and col-
umns 4 and 5 of Table 1 solely by keeping the concentration of 
effluents at the boundaries of the controlled area equal to the 
MPC values listed in AEC Table 2 of Title 10, Chapter 1. These 
MPC values correspond in most cases to 10% of the ICRP 
MPC values for continuous occupational exposure. As indicated 
above, there are factors in the environment which can concen-
trate certain radionuclides by many orders of magnitude, and 
one must take seriously the requirements in Table 5 in order to 
assure compliance with the limits set in Table 3 and columns 4 
and 5 of Table 1. Furthermore, the record of operation of AEC 
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major contractors will indicate the measures in Table 5 have 
been taken seriously, and it is hoped that all AEC contractors 
and nuclear power operators in the years ahead will work closely 
with the Federal and state agencies to assure that these mea-
sures in Table 5 are adhered to carefully. Although I do not 
agree with Tamplin and Gofman that there is the great urgency 
to reduce the presently recommended permissible dose limit of 
170 mrem/yr, I agree this value must be kept under constant 
surveillance by ICRP, NCRP and government control agencies. 
As indicated above, ICRP(2,27) in its early publications gave this 
figure of 5000 mrem/generation (a generation of 30 years) or an 
average of 170 mrem/yr as the upper limit for the genetically 
significant dose of a population. At that time, it divided this dose 
and apportioned it to various sources of environmental exposure 
of the population. Since that time, however, in its publica-
tions(23,38) it has pointed out that this apportionment of the dose 
is the responsibility of each individual country. It stated, "The 
way in which this is done will depend upon circumstances which 
may vary from country to country and will be determined by 
national, economic and social considerations." This is one of the 
responsibilities of the Federal Radiation Council which it has 
neglected for many years. Had it apportioned this 170 mrem/yr 
some years ago to various sources of population exposure in the 
United States or provided some mechanism for this apportion-
ment, many of the arguments and controversies which have 
arisen in regard to the presently recommended permissible 
radiation exposure standards might have been avoided. Cer-
tainly we agree, and I believe the AEC agrees with us, that the 
nuclear power industry must never use more than some ap-
propriate fraction of this average population dose of 170 mrem/ 
yr. Whether this fraction assigned to the nuclear industry by 
the year 2000 should be 10% or 5% or some other figure is un-
important for this discussion and cannot be determined except 
following careful deliberation by an appropriately chosen body 
of scientists, engineers and government representatives after 
considering all pertinent facts that are available. I agree with 
Gofman and Tamplin that this matter of apportionment is of 
sufficient importance that it demands early attention. The sooner 
this task is accomplished, the better we can expect to allay some 
of the fears and just concern of the public in these matters. The 
AEC regulations, Title 10, Part 20, are poorly written such that 
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they invite misinterpretation. It is fortunate that they are now 
being revised and it is hoped tha t they will provide further ex-
planation and discussion on some of these matters. 
2. The estimates made by Gofman and Tamplin of the deaths/ 
yr from malignancies are considerably larger than these set out 
in this paper. I, like ICRP and all other standards-setting or-
ganizations have assumed the linear hypothesis, but they have 
deviated from this method of calculation in assuming a doubling 
dose or an amount of radiation which will cause a doubling of 
the natural incidence of these malignancies. Various committees 
of ICRP(4,13,19) have considered this approach to the problem 
but have decided one can represent the presently available data 
best by assuming a given number of malignancies of a given type 
are caused per rad per person over a stated number of ensuing 
years rather than as Gofman and Tamplin have done in assum-
ing a percent increase in the natural incidence of all malignancies 
per rad per person. The human data available to determine 
which assumption is correct are rather limited, but, as Gofman 
and Tamplin have pointed out, these data have not been ex-
hausted by careful epidemiological studies and appropriate 
analysis. Gofman and Tamplin rightly point out that one should 
rely on human exposure data rather than on animal studies to 
determine the effects at low doses and low dose rates. As indi-
cated above, studies on the effects of medical diagnostic x-rays 
seem to lend support to the assumption of linearity between dose 
and effect down to exposure levels as low as 1 to 3 rad, and there 
are studies showing changes in bone structure, effects on chemi-
cal composition of body excretions, blood changes such as an 
increase in the number of bilobed lymphyocytes, increases in the 
number of chromosomal aberrations, etc., at very low doses of 
1 rad or less. Gofman and Tamplin have pointed out the urgency 
to follow up with more extensive epidemiological studies in 
order to evaluate better the consequences of medical diagnostic 
exposure. They have emphasized, in particular, the importance 
of carrying out a careful study of tuberculosis patients who 
during the past few decades have received many diagnostic ex-
posures under fairly well controlled conditions. Such studies 
would be expected to show a relationship between accumulated 
dose and the incidence of lung cancer, breast cancer, thyroid 
cancer, leukemia, etc. 
1£ I, like Gofman and Tamplin, were to assume the delivery of 
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170 mrem/yr to the entire U.S. population of 2 X 108 from the 
nuclear industry, I would obtain only 1,600 cancers/yr. This 
figure is considerably lower than that obtained by Gofman and 
Tamplin. My figure could be increased perhaps by a factor of 2 
or 3 by using some of the earlier data from the UNSCEAR re-
ports<29,36) rather than that of ICRP.(4) Even increasing my 
numbers by a factor of 3, I obtain an estimate of only about 
5,000 malignancies/yr which is only 15 or 20% of the value ob-
tained by Gofman and Tamplin. This emphasizes the importance 
of obtaining more data and determining the reliability of the 
doubling dose hypothesis. It should not be overlooked, however, 
that my estimate of malignancies caused by the nuclear industry 
at present is only eight/year. 
As indicated above, at present the radiation risk to the popu-
lation from all AEC operations (including national laboratories, 
all other contractors and licensees) and nuclear power reactor 
operations (but excluding fallout from weapons tests) would 
appear to account for no more than 18 deaths/yr and perhaps 
by the end of the century to no more than 360 deaths/yr (or 
2,800 deaths/yr if one includes future generation genetic deaths). 
This is a very small and acceptable price to pay in view of the 
benefits derived and the magnitude of other risks which we com-
monly and willingly assume. Sowby(39) has shown that the risks 
from riding in commercial aircraft are about lo the sum of the 
risks of travel by bus, plus rail plus motor vehicles, in terms of 
the probability of death per mile traveled. Yet there are some 
people who are afraid to travel by air but hardly think twice 
about travel by other means; maybe they visualize the awful 
experience one would have if he were to ride a burning aircraft 
doomed for a crash during the last few minutes it is airborne. 
Perhaps the situation is somewhat the same with reference to the 
radiation risks associated with nuclear power reactors. The risks 
in this case are much less than those associated with travel by 
commercial airlines, but most people fail to consider the risks on 
a statistical basis and think perhaps in this case only in terms of 
the terrible damage produced by nuclear weapons at Hiroshima 
and Nagasaki. I believe this situation can be corrected only by 
proper education at all levels of society and by a general under-
standing on the part of the public. The public must not only 
weigh the radiation risks on a statistical basis but must weight 
them in comparison with other risks and against the advantages 
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to be gained from the nuclear energy industry. The public must 
think of the very real advantages derived from cheap electrical 
power the same as it considers the advantages of travel in a car 
or by commercial airlines. The public must think of the risks 
from nuclear power operations at present and in the near future 
as being on the order of the risks of being struck by lightning. 
The public must realize there would be serious risks to life and 
property from a "brown-out" or a general shortage of electrical 
power. All of us must recognize the present risk of excessive 
medical x-rays which is by far the principal radiation risk in the 
United States. This is not intended in any wise to advocate a 
free license to increase radiation exposures from nuclear power 
operations or to whitewash mistakes we have made. The popu-
lation dose from the nuclear industry must at all times be kept 
at the lowest practicable level and at some small fraction of the 
170 mrem/yr as is to be agreed upon by an appropriate author-
ity. Compliance with this agreed-on level must be assured at all 
times by adequate inspections and decisions based on scientific 
data. 
ADEQUACY OF PRESENT STANDARDS 
In summary, it has been indicated that the agencies which set 
maximum permissible exposure levels on the national and inter-
national levels assume a linear relationship between dose and 
effect or that the damage is proportional to the accumulated 
radiation dose and that there is no dose or dose rate so low that 
the radiation damage is zero. Since natural background radiation 
is a component of man's environment, he has on this basis been 
subjected to radiation damage ever since his existence. Any addi-
tions to this background radiation merely increase the probability 
that man will suffer radiation damage during his lifetime or pass 
on to future generations genetic damage which may be expressed 
in terms of minor handicaps or defects or it may result in defects 
such as microcephaly, mongoloidism, blindness, lameness or 
early death. Although a few individuals in our country have re-
ceived serious exposures of large magnitude from accidents, 
general exposure to the population from man-made sources of 
ionizing radiation rhas been very small with the exception of 
exposure to medical diagnostic x-rays. This could be reduced 
easily to less than 10% of its present value primarily through 
education, training and certification of medical and paramedical 
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personnel who use this very valuable medical tool and by instill-
ing in them the proper understanding, appreciation and motiva-
tion such that they will use the best of equipment and techniques 
to minimize patient exposure. To the present time, population 
exposure from AEC operations, licensees, power plant operators, 
etc., has been exceedingly small and is estimated to contribute 
less than 1 mrem/yr to the population exposure in the United 
States. The health physicists in these organizations have set as 
their standard the avoidance of all unnecessary exposure and of 
keeping population exposures to the very lowest practicable 
limit while striving to make use of the many benefits to be de-
rived from nuclear energy and other sources of ionizing radiation. 
They have been uniquely successful as far as reactors and their 
associated facilities, accelerators, and isotope programs are con-
cerned but have failed completely in making much imprint upon 
the medical professions. AEC operations and other nuclear 
energy facilities are among the safest of all modern industries, 
and the radiation risks they introduce to their employees and 
members of the public are very small compared to those from 
medical diagnosis. Because of the irreversible nature of some of 
the problems o( the,nuclear industry, however, it behooves us to 
continue our surveillance and maintain this good record as a goal 
to be attained by all industries. The present radiation protection 
standards are reasonably conservative and adequate, but they 
should be kept under constant surveillance by ICRP, NCRP and 
other responsible agencies. They do not have built into them a 
large margin of safety. All available data on the effects of ioniz-
ing radiation on man should be examined from time to time, and 
these permissible exposure levels should be adjusted whenever 
and wherever warranted. If it every happens that a large popu-
lation averages a genetically significant dose of 170 mrem/yr 
or perhaps a total body dose of this magnitude from all man-
made sources of radiation (including medical), consideration 
should be given to lowering the present levels of permissible 
exposure to ionizing radiation. If medical diagnostic exposure 
in the United States can be brought down to a reasonable level, 
there is no need in the immediate future of changes in our basic 
standards of radiation exposure. It is unfortunate that some 
government agency has not already apportioned this 170 mrem/ 
yr to various sources of population exposure in the United States. 
It is hoped that this will be one of the early problems undertaken 
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by the Environmental Protection Agency. By far the most 
urgent radiation problem at present is the reduction of unneces-
sary medical exposure, and it is hoped that this will be at the top 
of the list of radiation problems to be considered by the EPA. 
Like Gofman and Tamplin, I believe some organization such as 
the EPA should apportion some fraction of this 170 mrem/yr to 
the nuclear power industry, but I do not agree that there is any 
extreme urgency in view of the fact that the present population 
exposure deriving from nuclear power plant operations is very 
small and will remain so. 
Finally, in discussing and evaluating the radiation risks asso-
ciated with nuclear power operations, one must consider the 
alternatives and the even greater risks which might be associated 
with fossil fuel power plants should they be built in lieu of 
presently planned nuclear power facilities. The risks from oxides 
of sulphur, oxides of nitrogen and hydrocarbons are even more 
real than those from ionizing radiation, and the public will gain 
not by justifying chemical hazards in favor of radiation risks but 
by eliminating both as environmental pollutants insofar as is 
practicable. Although this paper has been limited to a discussion 
of the risks and comparative risks associated with routine nuclear 
power operations, the radiation risks associated with possible 
major accidents<40-42) that could occur with these facilities should 
be mentioned. The AEC takes what are perhaps adequate mea-
sures to see that these accidents do not happen, but again it has 
not or cannot reduce the possibility of major accidents to zero. 
It is for these reasons that large nuclear power facilities should 
not be concentrated in very densely populated areas.<40-42) Some 
figures suggest(42) that the risks of a radiation fatality from major 
accidents are probably less than 50% of those discussed in this 
paper for routine operations. This still leaves the risks from radia-
tion exposure far less than those ordinary risks of industry and 
everyday activities, but does not justify that in the future we 
press our luck by building nuclear power plants of present design 
near the centers of our big cities. By proper design of various 
containments, underground construction, building such plants 
in isolation, or building reactors in which most of the inventory 
of fission products is continuously removed, most of the risks of 
a major reactor accident will be eliminated, and any programs 
leading in this direction should be strongly supported. Likewise, 
by proper choice of reactors and associated facilities in the future, 
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much of the problem of thermal pollution as well as environ-
mental radiation can be minimized and may be made equal to or 
even less than these problems associated with fossil fuel plants. 
It is fortunate there have been so few minor accidents and no 
major accidents with power reactors, but ironically this is the 
reason it is so difficult to make a meaningful estimate on the 
risks of major accidents. This, however, should not lull us into 
complacency such that we fail to do everything possible to pre-
ven t their occurrence and to provide for them should they 
happen. 
Finally, it is not suggested here that there are no unsolved 
problems in the nuclear energy business. There is much room 
for improvement and for additional research which will bring 
about a better understanding of the radiation risks to man and 
his environment and which will enable us to set radiation stan-
dards that are more meaningful and in which we have greater 
confidence. Although at the present time we may know more 
about radiation risks than we do about those associated with 
some of the chemical pollutants in our environment, this in no 
wise means we are justified in slowing our research efforts in 
health physics and biophysics. It is apparent that in our lifetime 
we will not have developed this coherent theory which provides 
a complete understanding of the effects of ionizing radiation on 
man and his environment, but we must continue to work in this 
direction. The rewards will be great because when we have this 
information in hand, we will understand not only the mechanisms 
of radiation damage but perhaps the cause and cure of most 
diseases, the cause of old age and may have tapped the fountain 
of youth which certainly is capable of providing a better life for 
all mankind . 
.:. Director, Health Physics Division, Oak Ridge National Labora-
tory, Oak Ridge, Tennessee. This paper, published here for the first 
time, was prepared for testimony before the Subcommittee on Air 
and Water Pollution of the Senate Committee on Public Works, Wash-
ington, D.C. However, the subcommittee meeting, scheduled for Aug-
gust 4, .1970, was cancelled and this testimony by Dr. Morgan was 
never g1ven. 
The views expressed herein are those of the author himself and not 
necessarily those of Oak Ridge National Laboratory nor the U.S. 
Atomic Energy Commission which provides the primary financial sup-
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port for the applied and research programs in the Health Physics Divi-
sion. Although he has been a member of the Main Commission of the 
International Commission on Radiological Protection since 1950, a 
member of the National Council on Radiation Protection (NCRP) since 
1946, first president of the Health Physics Society (organized in 1956) 
and the first president of the International Radiation Protection Associ-
ation (organized in 1966), the author's views do not necessarily repre-
sent the position of any of these organizations. 
DEFINITIONS 
The roentgen (R) is a unit of exposure to ionizing radiation such as 
that from x-ray machines or from radioisotopes. The rad is a unit of 
absorbed dose of ionizing radiation. The rad corresponds of 100 ergs/gm 
of absorbing material (usually soft tissue) and is about 10% larger 
than the roentgen. Dose equivalent (rem) is a modified absorbed dose 
such that, 
Dose equivalent!{rem) = absorbed dose (rad) X QF X n, 
in which ffGF and n are modifying factors. 
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